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FOREWORD
This combination Catalog and Users' Manual represents a new docu-
mentation format for the TIROS IV five-channel medium resolution scan-
ning radiometer experiment. It replaces the two separate companion vol-
umes which were published previously for TIROS II and TIROS III.
Many members of the staff of the Aeronomy and Meteorology Division
contributed to the success of the TIROS IV medium resolution radiometer
experiment. Valuable contributions in the areas of laboratory measure-
ments of materials and computer programming for data processing came
from the National Weather Satellite Center, U. S. Weather Bureau, whose
efforts are gratefully acknowledged.
The task of assembling the information contained in this manual into
written form suitable for publication was largely accomplished by the fol-
lowing members of the Aeronomy and Meteorology Division:
Mr. Virgil G. Kunde, Editor Mr. George Nicholas
Mr. W. R. Bandeen Mr. R. E. Samuelson
Miss Musa Halev Mrs. I. Persano Strange
Mr. Robert Hite Mr. Harold P. Thompson
The efforts of the above individuals are hereby acknowledged.
The preparation of the material presented in Appendix A and Appen-
dix B was accomplished mainly through the efforts of Mr. Saul Adelman
and Mr. Fred Siskind.
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ABSTRACT C_ "f_'_
The TIROS IV Meteorological Satellite contains a medium resolution
scanning radiometer. Two of the channels of this instrument are sensitive
to reflected solar radiation and the remaining two respond to emitted
thermal radiation from the earth and its atmosphere. The two thermal
channels are calibrated in terms of equivalent blackbody temperatures, and
the reflected solar radiation channels in terms of effective radiant emit-
tances. The calibration data, along with orbital and attitude data and the
radiation data from the satellite, were incorporated in a computer program
for an IBM 7090 which was used to produce, in binary form, the "Final
Meteorological Radiation Tape" which is the basic repository of all radia-
tion data.
After launch, the radiometer displayed the same degradation of re-
sponse characteristics as did its predecessors in TIROS II and TIROS III.
The onset of degradation results in a departure of the data from the pre-
launch laboratory calibration. The cause of degradation has not been de-
termined, and the matter is still being studied at the Goddard Space Flight
Center.
Before work with the TIROS IV radiation data is attempted, an
understanding of the radiometer, its calibration, and the problems en-
countered in the experiment, especially from response degradation, is es-
sential. The instrumentation design, development work, and the calibra-
tions herein described were performed by the Goddard Space Flight Center
staff, whereas the computer and programming efforts were carried out
jointly by the staffs of the National Weather Satellite Center, U. S.
Weather Bureau, and the Goddard Space Flight Center.
In this Catalog-Manual, the radiometer and its calibration, data proc-
essing, the "Final Meteorological Radiation Tape", the observed degrada-
tion patterns, and possible corrections for degradation are discussed. The
Catalog-Manual also includes, in two forms, documentation of each orbit
of successfully reduced radiation data acquired by TIROS IV. One method
of presentation is the Index of Final Meteorological Radiation Tapes and
the other is a Subpoint Track, Summary of Available Radiation Data in
diagrammatic form.
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I. INTRODUCTION
The TIROS IV Meteorological Satellite
was injected into orbit on February 8, 1962.
Its mean orbital characteristics are listed in
Table I.
TABLE I
Perigee Altitude ......... 710 km
Apogee Altitude ......... 845 km
Anomalistic Period ..... 100.40 min.
Inclination .............. 48.30 °
The experiments flown in the satellite in-
clude two television cameras and three radi-
ometers. The radiometers measure emitted
thermal and reflected solar radiation from
the earth and its atmosphere. One is a low
resolution non-scanning instrument having
two detectors, one white and the other black.
A second radiometer is the University of
Wisconsin's heat balance experiment.
This manual is concerned only with the
third radiation measuring device, a five-
channel medium resolution scanning radiom-
eter, which responds to radiation in four
different spectral regions. Two of these chan-
nels respond to emitted thermal radiation
from the earth and its atmosphere and the
other two channels respond to reflected solar
radiation. The remaining channel, on TIROS
IV only, was used to transmit a redundant
time reference signal, thereby eliminating
the broad band thermal radiation data which
were transmitted via this channel in TIROS
II and TIROS III. The two thermal radia-
tion channels are calibrated in terms of
equivalent blackbody temperatures and the
reflected solar radiation channels in terms of
effective radiant emittances.
The radiation data from the medium reso-
lution radiometer experiment are processed
together with orbital position and attitude
information and calibration data on an IBM
7090 computer to produce a binary "Final
Meteorological Radiation (FMR) Tape"
which is the basic repository of the radiation
data in terms of equivalent blackbody tem-
perature or effective radiant emittance.-An
Index of all FMR tapes and a diagrammatic
Subpoint Track Summary of the available
radiation data for each orbit are included at
the end of this Catalog-Manual.
Before attempting to interpret the radia-
tion data from TIROS IV which are con-
tained on the FMR tape, careful considera-
tion should be given to all points discussed in
this manual. An understanding of the sig-
nificance of the equivalent blackbody tem-
peratures or effective radiant emittance
values and a familiarity with the principle of
the radiometer, its peculiarities, and the
method of calibration are essential. Before
attempting to utilize the radiation data the
effects of instrumental response degradation
on the data must also be considered.
This combination Catalog and Users' Man-
ual represents a new documentation format,
replacing the two separate volumes which
were published for the TIROS II and TIROS
III five-channel radiometer experiments. 1,2,_,4
The previous separate catalogs described and
illustrated in detail the several basic mapping
programs which are available upon request
for the further machine processing which is
required of the FMR Tapcs before the data
can be subjected to manual analysis and in-
terpretation. In view of the foregoing and
because a catalog of the TIROS II and
TIROS III type can contain at best only a
small fraction of the available data before
the size of the volume becomes prohibitively
large, it was decided not to publish mapped
samples of data from TIROS IV, which
would be similar to samples already pub-
lished from previous satellites.
Instead, persons wishing to utilize radia-
tion data in any of the standard mapping
formats illustrated in the TIROS II and
TIROS III Catalogs may request single
copies in limited quantities by writing to:
TIROS Radiation Data, Code 651
Aeronomy and Meteorology Division
NASA Goddard Space Flight Center
Greenbelt, Maryland, 20771
When requesting such data the following in-
formation should be given (See Frame top of
page 2). All terms are discussed fully in sub-
sequent parts of this manual.
Routinely, a data population map, indicat-
ing the number of individual measurements
contained in each grid point average, will
accompany each data coverage grid print
map as well as a sample latitude-longitude
overlay for geographically locating the data.
Persons having additional questions concern-
ing the data or the data reduction system,
may obtain further information by writing
to the above address.
For persons having access to computer fa-
cilities, copies of the FMR Tapes, containing
the originally reduced data in their entirety,
may be obtained at cost by writing to :
National Weather Records Center
Asheville, North Carolina
Television pictures taken concurrently
with the radiation data may also be obtained
from the National Weather Records Center.
I
.
2.
3.
4.
5.
.
Satellite: (e.g., TIROS II, III, or IV)
Read-Out Orbit No.:--(cf. Index of FMR Tapes)
Channel No.: (e.g., Channel 2, 8.0-12.0 microns; Channel 3, 0.2-6.0 microns; e_c._
Calendar Date (of Equator Crossing): (cf. Index of FMR Tapes)
Time Interval (Beginning and Ending) of Data Requested, in GMT: (cf. Index of FMR
Tapes, Subpoint Track Summaries, and/or Orbital Overlays)
Format: Listings (Program MS 500) or Grid Print Maps. When requesting grid print
maps list also:
a. Map Base and Approximate Scale
(1) Polar Stereographic, Low Resolution (AW 950)
(2) Polar Stereographic, High Resolution (MS 501)
(3) Multi-Resolution Mercator (MSC 2)
5.0 degrees per mesh interval--I/40 million (approx.)
2.5 degrees per mesh interval--I/20 million (approx.)
1.25 degrees per mesh interval--I/10 million (approx.)
b. Maximum sensor nadir angle: (unless otherwise specified, 58 ° will be used)
c. Field Values and Contouring: (unless otherwise specified, all maps will include field
values and contouring except Mercator Maps of scales larger than 1/20 million which
will contain no field values or controuring; reference Section IV of TIROS III Catalog)
I
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The availability of such pictures is docu-
mented in the Key to Meteorological Records
Documentation No. 5.34, "Catalogue to Me-
teorological Satellite Data--TIROS IV Tele-
vision Cloud Photography", copies of which
may be obtained from the Superintendent of
Documents, U. S. Government Printing
Office, Washington 25, D. C.
II. DESCRIPTION OF THE
MEDIUM RESOLUTION
RADIOMETER EXPERIMENT
2.1 Principle of the Radiometer :'.'_
The principle of the radiometer is illus-
trated in Figure 1 where the components of
a single channel are pictured. The fields of
view of the channels are approximately co-
incident, each being about five degrees wide
at the half-power point of the response. The
optical axis of each channel is bi-directional
180 .° apart. As the half-aluminized, half-
black chopper disk rotates, radiation from
first one direction and then the other reaches
the thermistor bolometer detector. This re-
sults in a chopped output which is amplified
and rectified, giving a DC signal which (ne-
glecting electronic noise and possible optical
imbalance) is theoretically proportional to
the difference in energy flux viewed in the
two directions. Variations in the amplitude
of the radiometer signal are converted into
subcarrier frequency deviations and stored
by means of a miniature magnetic tape re-
2
corder. When the satellite is interrogated,
while within range of a Command and Data
Acquisition Station, the information is tele-
metered back to earth where it is recorded
on magnetic tape. The further processing of
these magnetic tapes is discussed in Section
IV of this manual.
The radiometer is mounted in the satellite
such that the optical axes are inclined 45 ° to
the satellite spin axis. (The viewing direc-
tions are designated "wall" and "floor" ac-
cording to their orientation in the satellite.)
When one optic views the earth, the other
views outer space. Thus, the outer space
radiation level (assumed to be zero) can be
used as a reference. When both optics are
viewing outer space, the resultant signal is
designated as the "space-viewed level."
Theoretically, this signal should be zero, but
in reality is not, due to electronic noise and
any initial optical imbalance, plus subsequent
changes in balance caused by the degrada-
tion of certain channels after the laboratory
calibration.
As the satellite rotates on its axis, the
radiometer scan pattern on the surface of the
earth is defined by the intersection of a 45 °
half-angle cone and a sphere. This pattern
ranges from a circle when the spin vector
is parallel to the orbital radius vector, to two
hyperbola-like branches when the spin vector
is perpendicular to the radius vector. The
orbital motion of the satellite provides the
scan advance. When viewing vertically
downward from a height of about 780 km,
the spatial resolution of the radiometer is
about 68 km, i.e., the "spot" on earth viewed
I
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by the radiometer has a diameter of about
68 km.
2.2 Description of the Sensors
,The nominal channel bandwidths for the
TIROS IV medium resolution radiometer are
given in Table II.
TABLE II
Channel Nominal Nature of Band
Bandwidth
(microns)
6.0 - 6.5
8.0 -12.0
0.2 - 6.0
0.55-0.75
Water vapor absorption
Atmospheric window
Reflected solar radiation
Time reference channel for
TIROS IV
Response of the TV system
In the 6.0 to 6.5 micron channel a maxi-
mum of absorption due to water vapor is
encountered. Energy in this channel is there-
fore received mainly from the highest alti-
tudes where water vapor may be found in
the atmosphere. In contrast, the energy re-
ceived in the 8.0 to 12.0 micron channel is re-
ceived mainly from either the earth's surface
and/or clouds since absorption due to any of
the atmospheric constituents--except ozone
which covers only a minor portion of this
channel--is very small. The total solar
energy reflected from the earth is contained
in the 0.2 to 6.0 micron channel. The 0.55 to
0.75 micron channel is of interest because it
covers only a narrow spectral region very
near the maximum of the solar energy dis-
tribution, and it is similar in its spectral
response to the TV cameras carried on the
satellite.
The interpretation of the radiation data
in terms of physically significant quantities
has been presented in the literatureY -:'
2.3 Geographic Limitations of Data Utiliza-
tion
Care should be exercised in the use of the
correlation of the radiation data with geo-
graphic location, such as attempted com-
parisons with synoptic situations. Uncer-
tainties in attitude lead to an estimated
maximum error of 1° to 2 ° in great circle
arc. At a nadir angle of 0 °, a 2 ° error would
result in a position error on the surface of
the earth of less than 20 miles. At a nadir
angle of 60 °, a 2 ° error corresponds to an
error of more than 200 miles. It should be
emphasized that such errors result in distor-
tion as well as translation, and a simple
linear shift of the data is in general not
sufficient for correction. =':',_''
In addition to attitude errors, time errors
also contribute to difficulties in geographic
correlation. The principal sources of time
errors are: mistakes at the ground station
in transmission of the end-of-tape pulse,
erroneous sensing by the analog-to-digital
converter of the end-of-tape pulse, and the
necessity of counting through noise on the
relative satellite clock frequency. These
errors are generally estimated to be less than
ten seconds in TIROS IV. However, users
are cautioned to be watchful for those rare
cases where there still might be larger errors
of the order of one minute or more. Time
errors also result in distortion as we!! as
translation.
III. CALIBRATION
Before considering the calibration flow
sequence, it is necessary to discuss two quan-
tities which are fundamental to the calibra-
tion. These are the effective spectral re-
sponse and the effective radiant emittance.
3.1 Effective Spectral Response
The radiation received by the radiometer
is modified by the various elements in the
optical train before being absorbed by the
bolometer detector. These include the re-
flecting properties of the prism and chop-
per, the transmission characteristics of filters
and lenses, and the absorption properties of
the detector. By assuming equal optical prop-
erties and temperature for both sides of the
prism, an effective spectral response, Cx, can
be defined as
_= R_ (RE -- R_) fxAx (1)
In the actual computation of ¢x, either the
above expression or the expression
_x= R[(1 -- Rx ) fxA,x (2)
was used. The use of equation (2) assumes
the reflectivity of the aluminized half of the
chopper disk is independent of wavelength
The materials used in the lens and filter
of each channel are given in Table III.
The spectral absorptivity of the thermistor
detectors was determined by measurements
made on sample Barnes Engineering Com-
pany bolometers of the same type as used in
the radiometer. For all channels, the quantity
A_ was taken as the average of measurements
made by the Barnes Engineering Company
I
on 10 bolometers in the spectral region, 0.3
to 16 microns, and by the Naval Ordnance
Laboratory, Corona, California, on 9 bolom-
eters in the region 0.5 to 30 microns. The
two sets of measurements were normalized
at 13 microns.
A discussion of the final values of _
derived for each channel follows:
CHANNEL 1
The function fx was taken from Barnes
Engineering Company measurements made
on the channel 1 filter of the TIROS IV
radiometer in combination with plane sam-
ples of the germanium lens elements. The
Barnes measurement for the transmission
of the germanium immersion lens used in this
channel is also incorporated in the f_ func-
tion. The function R_ was taken from a
Barnes measurement on a good x/4 front-
surfaced alumihum mirror. The value (R_
-- Rx ) was a Barnes measurement made on
the channel 1 chopper disk of the TIROS IV
radiometer. The effective spectral response
for channel 1 is given in Figure 2 and Table
IV.
CHANNEL 2
The filter transmission was taken from
measurements made on a similar filter by the
Meteorological Satellite Laboratory of the
U.S. Weather Bureau. The transmission of
the germanium doublet lens was obtained
by squaring a measurement made by Barnes
on a plane sample of lens material having a
thickness equivalent to the mean thickness
of one of the lens elements. The product of
filter-lens combination was used as the func-
tion f_. The quantity Rx was taken from
measurements performed at the Meteorolog-
ical Satellite Laboratory of the U.S. Weather
Bureau. The measurement of R_ was made
on a sample similar to the chopper disk of
the radiometer. The function R[ was taken
from a Barnes measurements on a good x/4
front-surfaced aluminum mirror. Beyond 16
microns, due to lack of measurements, the
reflectivity was assumed to be constant at
the 16 micron value. The effective spectral
response for channel 2 is given in Figure 3
and Table V.
CHANNEL 3
The function/_ was obtained from trans-
mission measurements made by Barnes on
the sapphire (Al.,O:J and barium fluoride
(Bar,.,) lens. The value (R_- Rff) was
measured by Barnes on the channel 3 chop-
per disk nf the TIROS IV radiometer. The
function R_ was taken from an average of
measurements taken by Barnes on the two
reflecting surfaces of the prisms from radio-
meters 102A and 103A and from a Barnes
measurements on a good x/4 front-surfaced
aluminum mirror. The effective spectral re-
sponse is given in Figure 4 and Table VI.
CHANNEL 4
For reasons discussed in an earlier section,
channel 4 was used for other purposes on
TIROS IV thereby eliminating the infrared
data for this channel.
CHANNEL 5
The transmission of the sapphire (A120:J
and silicon dioxide (SiO,,) lens and inter-
ference filters were taken from Barnes meas-
urements. The product of the above trans-
missivities is the function fx. The value
(R_ -- R_) was taken from the Barnes
measurement on the channel 3, TIROS IV,
radiometer. The function R_ was taken from
an average of measurements taken byBarnes
on the two reflecting surfaces of the prisms
from radiometers 102A and 103A and from a
Barnes measurement on a good X/4 front-
surfaced aluminum mirror. The effective
spectral response is given in Figure 5 and
Table VII.
3.2 Effective Radiant Emittclnce
The pre-flight calibration of the two
emitted thermal radiation channels (chan-
nels 1 and 2) was carried out by simulating
the space-referenced earth signal in the lab-
oratory. The radiometer's field of view is
filled in one direction by a blackbody target
at liquid nitrogen temperature (80°K) --
which is essentially equivalent to the space
reference--while the field of view in the
other direction is filled with a blackbody
target whose temperature is varied over the
range expected when viewing the earth and
its atmosphere. Thus, the infrared measure-
ments are in terms of an "equivalent tem-
perature, T,," of a blackbody filling the field
of view which would cause the same response
from the radiometer. Since the spectral re-
sponse of the radiometer is assumed to be
known from the spectral characteristics of
the individual reflecting, refracting, and
transmitting components of the optic, that
portion of the radiant emittance of the
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source which falls within the spectral re-
sponse curve of the instrument can be cal-
culated. This quantity is defined as the effec-
-- ( watts ),
tive radiant emittance, W _ and can
be written as
foW -- • Wx (TB,) +xdA (3)
The data from the two emitted thermal
radiation channels can therefore be ex-
essed either as TI_, in degrees Kelvin or as
in watts per square meter of radiant emit-
tance within the spectral response curve of
the channel. The W vs. T,, functions for
channelsl and 2 are given in Tables VIII and
IX and in Figures 6 and 7.
In calibrating the reflected solar radiation
channels (channels 3 and 5) one direction
of the channels is merely masked with black
tape to simulate space. To simulate reflected
solar radiation from the earth and its atmos-
phere, a white diffuse reflector of known
spectral reflectivity is illuminated at normal
incidence from a standard lamp of known
spectral intensity at a measured distance
away, thus determining the spectral radiant
emittance from the reflector. With the illum-
inated reflector filling the field of view, the
output signal from each channel is measured.
The spectral radiant emittance from the re-
flector is integrated over the spectral re-
sponse curves of the solar channels to yield
that portion of the radiation viewed to which
each channel responds. The result of such
integration is the "effective radiant emit-
tance, W." Thus, the reflected solar radiation
measurements are in terms of that portion
of diffuse radiation from a target filling the
field__of view to which each channel responds,
W. In order to interpret these measurements
in terms of reflectance (loosely, "albedo"),
we must know the effective radiant emit-
tance, W*, which would be measured by each
channel if the field of view were filled by a
perfectly diffuse surface of unit reflectivity
when illuminated by one solar constant at
normal incidence. The expressions for W
and W* for channels 3 and 5 are defined in
Section 3.6.2.
3.3 Radiation Data Flow Sequence
The radiation data flow sequence is shown
in Figure 8. The sequence from satellite
through ground station is illustrated in Fig-
ure 8(a)When an effective radiant emit-
tance W is viewed by one side of the radio-
meter while the other side views outer space,
and with a radiometer housing temperature,
To, a radiometer output voltage VRA. is ob-__
tained. This relationship, VR.I, = f(W,
SIDE, T(:), is shown schematically in Figure
8b. This signal, VRA., is fed into a voltage
controlled oscillator which produces an out-
put frequency F_ when the oscillator elec-
tronics temperature is T_. This relationship,
F_ = f(VRA_, TE), is shown schematically
in Figure 8c, and is shown in Figures 9-12
for channels 1, 2, 3, and 5.
At the ground station the frequency F_,
now increased by a factor of 30, is fed into
a demodulator, the output of which enters an
analog-to-digital converter which converts
F_ to a digital number, D. The conversion
formula is
D = 12__77F (4)
50
and is shown schematically in Figure 8d. The
resulting digital number D and the temper-
ature's T_. and T¢, which are also telemetered
from the satellite, are used to obtain the
value W (or TB,) for channels 1 and 2 and
the value W for channels 3 and 5 from the
calibration data as indicated below.
In practice, for the purpose of simplifying
the data reduction, each channel is calibrated
for different values of T_ while maintaining
a fixed relationship between T_ and T,. rather
than calibrating the radiometer and each
oscillator as separate units to obtain the
transfer functions shown in Figures 8b and
8c. In addition, each oscillator is calibrated
as a function of T_ to obtain the transfer
function as shown in Figure 8c.
3.4 Relation Between Electronics ond Radio-
meter Ho_.sing Temperatures
In effect, the calibration of the TIROS IV
radiometer-oscillator system was made with
the relationship between T_: and T_, being
maintained as
T_ = Tc + 5°C (5)
The TIROS IV calibration curves which are
presented in the manual are therefore valid
when TE and T_, satisfy equation (5).
The validity of the TIROS IV calibration
with regard to equation (5) was checked us-
ing the flight data for T_ and T_. The temper-
ature comparison of TE and Tc for TIROS
IV is shown in Figure 13. It can be seen
from Figure 13 that there is some variation
of T_ and Tc from equation (5) and the
maximum variation is about 5°C. The effects
of this variation on the radiation data are
estimatedas follows. The effecton W and
TBR of a 5° temperature variation from the
calibrated Tc and TE relation was computed
previously for the TIROS II! radiometer
oscillators. The relative change in W and
TBB for the above 5 ° variation is approxi-
mately the same for TIROS III and TIROS
IV. Therefore, the computations (Table X)
made for TIROS III may be used to a good
approximation for TIROS IV. From Table
X, the maximum average temperature differ-
ence in channels 1 and 2 is 0.8°K, while the
maximum average difference in effective
radiant emittances for channels 3 and 5, in
percentage of one solar constant radiated
from a diffuse source, is 0.2%.
3.5 Space-Viewed Level
Although there is no specified on:board
calibration mechanism on the TIROS IV
radiometer, the "space-viewed level" can be
considered to be a single-point check-of-cali-
bration while in orbit. Any observed shift in
the space viewed level after the original cali-
bration is sufficient but not necessary to indi-
cate a change in the calibration of the in-
strument (i.e., knowledge of the shift of a
given point on a curve is sufficient to indicate
a change in position of the curve whereas
knowledge of the lack of a shift of the point
is not sufficient to preclude a rotation of the
curve about the point). It is important,
therefore, to include a measurement of space
viewed levels in the calibration of the instru-
ment. Within the spectral regions of sensi-
tivity of the emitted thermal radiation chan-
nels, radiation from a blackbody target at
liquid nitrogen temperatures is practically
the equivalent of the radiation levels of outer
space. To simulate space radiation for the
two reflected solar radiation channels, one
need only turn off the lights in the laboratory.
In the calibration procedure, which is de-
scribed below, the space-viewed level is cali-
brated as a function of radiometer housing
temperature.
3.6. Target Blackbody Temperature, T_B,
and Target Effective Radiant Emit-
tance, W, vs. Digital Number, D.
The TIROS IV radiometer and its associ-
ated electronics package were calibrated as a
system. In the original calibration, the radio-
meter was placed in a high vacuum chamber
while the electronics canister was placed in a
thermally-controlled environmental chamber.
Between the original calibration carried out
at the Goddard Space Flight Center during
the period 19-22 December 1961 and the
launch of the satellite on 8 February 1962
several check-of-calibration measurements of
all channels were made under varying con-
ditions of pressure (ambient as well as high
vacuum) and of housing and infrared target
temperatures. These measurements indicated
that, whereas the original calibration of
channels 1 and 2 remained essentially un-
changed, channels 3 and 5 suffered a consist-
ent and progressive decrease in response. The
resultant calibration curves shown in this
manual represent the status of the calibra-
tion as of 25 January 1962, the date when
the final check-of-calibration measurements
were made before launch.
The following discussion concerns the tech-
niques employed in the original calibration
carried out at the Goddard Space Flight Cen-
ter.
3.6.1 Emitted Thermal Radiation Channels
1 and 2. Two laboratory blackbody targets,
placed in a container so that liquid or gaseous
nitrogen could flow around them, were used
in the calibration procedure.
At a certain radiometer housing tempera-
ture, T_., regulated by the temperature of
alcohol flowing through tubes in thermal con-
tact with the radiometer housing in the vac-
uum chamber, liquid nitrogen at --196°C
was pumped through the tubes in one target
while the temperature of the nitrogen flow-
ing through tubes in the other target was
varied from --196°C to about +40°C.
This procedure was carried out at four dif-
ferent radiometer housing temperatures (0 °,
16°, 24 °, and 35°C) while viewing the warm
target respectively through the wall and floor
sides of the radiometer. The calibration
curves for T,. = 7°C were interpolated from
the calibration curves for T(, = O°C and
16°C. The temperatures of each target were
recorded by means of thermocouples. Using
the frequency to digital number conversion
shown schematically in Figure 8d, a curve of
T1,r, vs. D was constructed for each channel
on both wall and floor sides, at varying val__ues
of T_ (Figures 14-23). If the quantity W is
desired, it may be determined from the W
vs. Tn, graphs for each channel (Figures 6
and 7). The complete calibration procedure
is shown schematically in Figure 34a.
3.6.2 Reflected Solar Radiation Channels
3 and 5. A tungsten filament lamp calibrated
by the Bureau of Standards was used in the
calibration procedure as a standard source.
Radiation from the lamp was diffusely re-
flected from a sheet of white Kodak paper
of known spectral reflectivity. The output
signal of each channel was read with the
illuminated paper normal to rays from the
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lamp and completely filling one field of view
of the radiometer. The other field of view
was covered with black tape. In order to
obtain more than one point per calibration,
the white paper was placed at different dis-
tances from the tungsten filament source
lamp. The effective radiant emittance was
computed using
W - cos ), f J_ r_ _ d_ (6)
R 2 Jo
A curve of W vs. VR.,, was then con-
structed, with T_ being the ambient tempera-
ture of the room in which the calibration was
made. In order to construct W vs. F,,. curves
at various values of T,., it was necessary to
make additional measurements in vacuum
where Tc could be controlled. Two targets
consisting of diffusers illuminated by light
bulbs, one target for each of the wall and
floor sides, were used for both channels in
this calibration. The voltages could be regu-
lated. A certain range of voltages were se-
lected and measurements at the various
values of T_ were made of each voltage, re-
cording corresponding radiometer voltage
and output frequency at each level. Measure-
ments were made by illuminating alternately
both wall and floor sides, keeping the lights
off on the side that was to simulate space
viewing. In order to correlate the vacuum
measurements with the tungsten-filament
lamp source measurements, it was necessary
to make one set of vacuum measurements at
the same T,. that existed for the air measure-
ments. By relating bulb volt__age levels to W
at the air measurements, W vs. F._,. curves
were constructed for T_ = 0 °, 7 °, 16 °, 24 °
and 35°C. A comparison calibration was
made using rays from the mid-day sun as
the visible light source, and the results agreed
within 5% of the tungsten lamp calibration.
As indicated above, check-of-calibration
measurements subsequent to the original cal-
ibration indicated a consistent and progres-
sive decrease in the response of channels 3
and 5. The resulant calibration curves for
these channels (Figures 24-33) represent
their calibration as of 25 January 1962 the
date the final check-of-calibration measure-
ments were made.
In order to calculate the reflectance
(loosely, "albedo") from the incident solar
radiation of a spot on earth viewed by the
radiometer, one must know W*, the particu-
lar value of W which would be measured if
the spot viewed were a perfectly diffuse re-
flector, having unit reflectivity, and illumi-
nated by solar radiation at normal incidence.
Using Equation (6) for this calculation, and
setting _ = 0°, R = 1 astronomical unit,
rx = 1, and J_ = W_(T) _ (cross-sectional
area of sun)/_, we have
-
W* = -- Wx (T) ,_ dX (7)
7_
Calculations of W* were made taking the
sun as a 5800°K blackbody for Channel 3 and
a 6000°K blackbody for Channel 5. The com-
plete calibration procedure is shown sche-
matically in Figure 34 (b).
Recent tests on the anisotropy of the white
Kodak paper indicate that it may not be a
good diffuse source due to the inclusion of a
specular reflectance component in the total
reflectance. The magnitude of the anisotropic
properties of the Kodak paper and the ensu-
ing effects on the calibration of channels 3
and 5 are under study.
3.7 Field of View Measurements
The Barnes Engineering Company made
field of view measurements of the various
channels of the TIROS IV radiometer. A line
source consisting of a filament wire, 0.040
inches in diameter, was used. The line
source remained in a plane perpendicular
to the geometric axes, about 57.3 inches from
the thermistor bolometers in the wall direc-
tion (where 1 inch normal diplacement _1°).
The line source was moved from right to left
looking out from the radiometer in the wall
direction (horizontal field of view measure-
ments) and from top (up) to bottom (down)
in the wall direction (vertical field of view
measurements). The line source was kept
normal to its direction of motion across the
field of view during both horizontal and ver-
tical measurements. These measurements are
shown in Figures 35 and 36. Laboratory
measurements for the floor side are not avail-
able.
3.8 Summary of the Calibration
When a certain value of effective radiant
emmitance W or equivalent blackbody tem-
perature TB, is viewed by the radiometer
housing temperature an output signal F_,
results. If TE and T_ are within _ 5°C of
the relationship
T_: = T_, + 5°C
only a negligible error in T,B or W is intro-
duced. From F_,. and T,,, which is measured
independently, the measured value of effec-
tive radiant emittance (IV) or equivalent
blackbodytemperature(T,,) can be deter-
mined from the calibration curves.
The calibration for each side of each chan-
nel is carried out for five parametric values
of T,.; hence, it is necessary to interpolate
between the two transfer functions bracket-
ing an actual value of T,, to arrive at the cali-
bration for a given orbital period.
IV. RADIATION DATA
PROCESSING
4.1 Information Flow in the Satellite 5. s,
The radiation experiment instrumentation
is independent of the television camera sys-
tem except for power, command, certain
timing signals and antennas (Figure 37).
The output of the five medium resolution
radiometer channels is fed into five subcarrier
oscillators. These voltage controlled oscilla-
tors are of the phase shift type with sym-
metric amplifiers in the feedback loops, the
gains of which are controlled by the balanced
input signal. A sixth channel is provided for
telemetry of the wide angle low resolution
sensor data, the University of Wisconsin's
heat balance data, environmental tempera-
tures, instrumentation canister pressure, and
calibration. In channel 6, a mechanical com-
mutator switches resistive sensors in one
branch of a phase shift oscillator. The
seventh channel, a tuning fork oscillator,
serves as a reference frequency and timing
signal. As discussed previously, the signal of
channel 7 is also repeated on channel 4. Dur-
ing the remainder of this Catalog-Manual
any discussion concerning channel 7 will
mention only channel 7 explicitly, although
it is true that channel 4 could also be used for
the same purpose. The outputs from these
seven different channels are summed and the
resultant composite signal equalized in a
record amplifier which drives the head of a
miniature tape recorder. An oscillator pro-
vides an alternating current bias to the rec-
ord head and the signal required for the
erase head. For convenience, erase of the
magnetic tape occurs immediately before re-
cording. The record spectrum extends from
100 cps to 550 cps. The tape recorder is an
endless loop, two-speed design running at 0.4
ips record and 12 ips playback speed. The
endless loop records continuously, day and
night, except during a playback sequence. A
hysteresis synchronous motor generates
torque in the record mode through a mylar
belt speed reduction. The fourth subharmonic
of the tuning fork oscillator, generated by
flip flops, drives a cam shaft which activates
a bank of micro switches connected to the
five commutated subchannels of the time-
sharing sixth channel. Each is sampled for
six seconds and the fifth includes a group of
seven to be subcommutated.
Playback is initiated upon command by ap-
plying power to a direct current motor. A
magnetized flywheel generates a frequency
proportional to the motor speed. A fre-
quency discriminator feeds the error signal
to the stabilized power supply of the motor
and closes the servo loop. Playback speed is
essentially constant from 0 ° to 50°C. A low
flutter and wow of 2.5% peak-to-peak,
measured without frequency limitations, is
achieved by using precision bearings and
ground-in-place shafts having tolerances of
better than 50 parts per million. A command
pulse activates the playback motor, the play-
back amplifier, and the 238 Mc FM telemetry
transmitter feeding the duplexer and an-
tenna.
In order to permit comparison of the low
resolution measurements with TV pictures,
each TV shutter action generates a 1.5 second
pulse which is recorded as an amplitude
modulation of the channel 7 timing signal.
There are nine solar cells mounted behind
narrow slits for north-angle determination.
These slits have an opening angle of close to
180 ° in planes through the spin axis. The sun
illumination generates pulses as long as
illumination parallel to the spin axis is
avoided. One of these sensors generates a 0.5
second pulse in addition to the north indi-
cator code so that spin rate information and
a measure of relative sun position is avail-
able. Again, this pulse is recorded as an
amplitude modulation of channel 7.
Reconstruction of the radiation informa-
tion vitally depends on its correlation with
absolute time. An accurate, but relative, tim-
ing signal is provided by the tuning fork
oscillator and a crude one by the sun pulses
except when the satellite is in the earth's
umbra. Absolute time is transmitted to the
satellite and recorded on the tape as a one
second dropout of channel 7. This pulse is
designated as the End-of-Tape (E.O.T.) and
its occurrence is known within milliseconds
of absolute time.
4.2 Information Flow at the Command and
Data Acquisition 5,31 Station
Upon interrogation, the 238 Mc carrier is
received by an antenna, and the composite
signal is recorded on magnetic tape and, sim-
ultaneously, fed to a "Quick Look" demodu-
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lator (Figure 38a). At the same time, the
envelope of channel 7 and the clipped signal
of channel 2 are graphically recorded. The
8.0-12.0 micron "events" on the graphic rec-
ord show alternately the earth and sky scan
intervals as the satellite spins and progresses
along the orbit, and the channel 7 envelope
shows the three distinctive types of AM
pulses impressed on the clock frequency dur-
ing the record; namely, the sun sensor pulses,
the TV camera pulses, and the "end-of-tape"
pulse. Auxiliary uses of the radiation data
include determination of the spin axis atti-
tude in space and the times when television
pictures were taken and recorded in the
satellite, to be read out later over a ground
station (Figures 38b and 38c).
The magnetic tapes are routinely mailed
every day to the Aeronomy and Meteorology
Division, GSFC, in Greenbelt, Maryland.
4.3 Information Flow at the Data Process-
ing Center _,:_1
At the Data Processing Center of the
Aeronomy and Meteorology Division, the
master tape containing the composite radia-
tion signal is demultiplexed, demodulated,
and fed into an analog-to-digital converter
(Figure 39). Canister pressure is read sepa-
rately. The analog-to-digital converter pro-
duces a magnetic "Radiation Data Tape"
made up of 36 bit words suitable for an IBM
7090 computer. The magnetic "Radiation
Data Tapes" are then sent to the Data Reduc-
tion Center of the Aeronomy and Meteorol-
ogy Division.
4.4 Information Flow at the Data Reduction
Center _'
The IBM 7090 computer program requires
inputs from three sources to produce, in bin-
ary form, the "Final Meteorological Radia-
tion (FMR) Tapes". One source is the "Radi-
ation Data Tape" containing radiation data
and satellite environmental parameters in
digital form. Another source is the calibra-
tion data for converting digital information
to meaningful physical units. The third
source is the "Orbital Tape" from the NASA
Space Computing Center containing satellite
position and attitude data. The FMR tape
then is the basic repository of data from the
medium resolution scanning radiometer. In
order to study and utilize the scanning radio-
meter data, appropriate computer programs
must be written to "talk" to the FMR tape
and provide for printing out data, punching
cards, or producing maps. The format of
the FMR tape and the make-up of the IBM
7090 computer program which produces it
are discussed in detail in sections 4.5 and 4.6.
4.5 Format of the "Final Meterological Ra-
diation Tape"
TIROS IV radiation data are available on
low density, binary tapes prepared on an IBM
7090 computer. The FMR tape is the prod-
uct of a computer program whose input is
the orbital data, digitized radiation data,
and TIROS IV radiometer calibration data.
The make-up of this program is discussed in
section 4.6. The FMR tape contains cali-
brated radiation measurements, geographical
locations associated with the radiation meas-
urements, orbital data, solar emphemeris,
and satellite temperatures. The exact format
of these data is described below. The purpose
of this section is to emphasize certain fea-
tures that will aid programmers in utilizing
these data.
Each orbit of radiation data is treated as a
file which contains a documenta,.ion record
plus data records that represent approxi-
mately one minute intervals of time. The
documentation record is the first record of
each file and contains 14 data words whose
format is described below. Dref is defined
as the number of days between zero hour of
September 1, 1957, and zero hour of launch
date. TIROS IV time counts zero time as
zero hour at Greenwich on the day of launch,
thus launch time is given in GMT and launch
day is zero day, with succeeding days num-
bered sequentially. However, if the satellite
life extends beyond about 100 days, the value
of dref is redefined by adding approximately
100. while the TIROS IV day is decreased
by the same amount.
Each record of data covers approximately
one minute of time, and the data are found
in the decrement (D) and address (A) of
each data word. The record terminates with
the end of swath in progress at 60.0 sec-
onds past the minute specified in words 1D,
1A, and 2D. In the case of satellite-earth
orientation such that the radiometer con-
tinuously scans the earth for more than one
rotation of the satellite, the record will termi-
nate with the end of the revolution in prog-
ress at 60.0 seconds past the minute specified
in words 1D, 1A and 2D. The End of File
gap will be duplicated at the end of the last
file on each FMR tape.
For each earth viewing swath, the radia-
tion measured from channel 1 (6.0-6.5_) and
channel 2 (8.0-12.0t0 is reported as equiv-
alent blackbody temperature in °K, while
the radiation measured from channel 3 (0.2-
729-166 0 - 64 - 2
6.0_) and channel 5 (0.55-0.75_) is reported
as effective radiant
meter _. Channel 4 has been retained in the
FMR tape format with its input set to zero.
For each fifth measurement in a swath, the
point on earth being "viewed" by the radiom-
eter is defined in terms of latitude and lon-
gitude. These computations are based
the best available estimate of satellite atti-
tude.
In order that the user may distinguish
between data from the wall and floor sides
of the satellite, the data words containing
the measured energy are labeled with a 1
in position 19 when the wall side of the
satellite is viewing
should realize that if the signal from the
satellite becomes noisy, swath sizes, as inter-
preted by the computer, may become ab-
normal and the data can be labeled and lo-
cated incorrectly. In order to flag abnormal
FORMAT OF FINAL METEOROLOGICAL RADIATION TAPE
Word No.
1 ........
2 ........
3 ........
4 ........
5 ........
6 ........
7 ........
8 ........
9 ........
10 .......
11 .......
12 .......
13 .......
14 .......
Quantity
10
I
data, minus signs are inserted for the follow- m
emittance in watts/ ing three reasons: I
b_en rett ne in the 1. A measurement within a swath whose
ills input .e_ o zero. digital response falls below the arbitrarily
._m_nt in _ s_ _n, _ne defined threshold between earth and space. !
iexled" by ae a alom- (The end of a swath is arbitrarily defined by IR
s _lf latitu e lo ion- three consecutive measurements falling be-
:ations ar e_ _:aat_n low the threshold.) Imate of s_ . . 2. An entire swath is labeled with minus
.... signs when the observed swath size falls
_s_r may us ngmsn outside of the theoretical swath size --+25%.
_zall anc nc c sl.aes The theoretically computed swath size is
at_ words co laming based on the best available estimate of satel-
ar,. _ labele v _n a l lite attitude, height, and spin rate.
q_ oe i _ne
the earth. The user 3. The entire swath is labeled with minus |
e gn_ fr t signs when it is either the first or last swath
vat[ _,iz _, in the close mode. (In the closed scanning m
m _" ecome ab- mode the radiometer continuously scans over Il_,b, ed l - the earth for more than one spin rotation
._r t( :l_ abnormal without viewing the horizon or space.} I
I
pF l IN L C ,OGICAL _TION
Documentation Record I
Units Scaling Remarks |
Dref ............................... B = 35 Number of days between
zero hour of Sept. 1, 1957,
] and zero hour of launch •
| day. |
...................... k .......... Date of Interrogation ex-
pressed as a packed word,
i.e., February 8, 1962 •
would be (020862)_o or |
(021076)_. These numbers
are shifted to extreme
right side of the data word.
TIROS IV Day .... B = 35_ I
Z Hour ........... B = 35_ Start time of this file of
Z Minute ......... B = 35_ radiation data.
Z Seconds ......... B = 26]
TIROS IV Day B = 35 . .
g 14^--- ---- D o=} Time of Interrogatmn, 1.e., |
7. _-_._. ........... D = O_ end time of this file of
Z Seconds B 26_ raamuon aa_a.
Deg/Sec _:_-_:_-- B = 26 Satellite spin rate. |
Date .........
Day ..............
Hour ............
Minute ...........
Seconds ...........
Day ..............
Hour .............
Minute ...........
Seconds ...........
Satellite Spin Rate _
Orbit No ...............................
Station Code ............................
Frequency ........ 35,72,144 .......... B = 35 Data sampling frequency
(cycles of a 550 cps tuning
fork)
B = 35 Orbit No. at time of Inter-
rogation
B _ 35 Code defining ground station
("1" for Wallops Island,
Va., "2" San Nicholas Is-
land, Calif.)
I
I
I
I
I
Format of FMR Tape--Nth Record
I
I
I
I
I
I
I
I
I
I
I
I
I
I
i
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ID .......
1A .......
2D .......
2A .......
3D .......
3A .......
4D .......
4A .......
5D .......
5A .......
6D .......
6A .......
7D .......
7A .......
8D ........
8A .......
9D .......
Day ............... _ ....................
Hour ...................................
Minute .................................
GHA .............
Decl ..............
T¢, _ ...............
TK ...............
Height ............
Latitude ..........
Longitude .........
Seconds ..........
Latitude ..........
Longitude .........
Latitude ..........
Longitude .........
Nadir Angle ......
Azimuth Angle ....
Degrees ...........
Degrees ...........
Degrees K ........
Degrees K ........
Kilometers ........
Degrees ...........
Degrees ...........
Degrees ...........
Degrees ...........
Degrees ...........
Degrees ...........
Degrees ...........
Degrees ...........
B = 17
8 f35B 17
= 29
B 11
B = 35
B = 17
B = 35
B= 11
B = 29
B=8
B = 29
B = 11
B = 29
B=ll
B = 29
B=11
TIROS IV Day
Z time in day specified in
word ID
Greenwich hour angle and
declination of sun at time
specified in words 1D, 1A,
and 2D. 90 ° are added to
declination to yield posi-
tive numbers.
Reference temperature of
the mediumresolution
radiometer.
Reference temperature of
maindeck electronics.
Height of satellite at time
specified in words 1D, 1A,
and 2D.
Latitude of subsatellite point
at time specified in words
1D, 1A, 2D. 90 ° are added
to all latitudes to yield
positive numbers.
Longitude of subsatellite
point at time specified in
words 1D, 1A, 2D. Longi-
tudes are reported as 0 to
360 °, with west being posi-
tive.
Seconds past time specified
in words 1D, 1A, 2D when
first earth viewing re-
sponse is detected, and
every fifth response there-
after.
Latitude of subsatellite point
at time specified in words
1D, 1A,=2D, 6D. 90 ° are
added to all latitudes to
yield positive numbers.
Longitude of subsatellite
point at time specified in
words 1D, 1A, 2D, 6D.
Longitudes are reported as
0 to 360 °, with west being
positive.
Latitude of point on earth
being "viewed" by radiom-
eter at time specified in
words 1D, 1A, 2D, 6D. 90 °
are added to all latitudes
to yield positive numbers.
Longitude of point on earth
being "viewed" by radiom-
eter at time specified in
words 1D, 1A, 2D, 6D.
Longitudes are reported as
0 to 360 °, with west being
positive.
Nadir angle of optic axis
from radiometer to point
specified in words 7A, 8D.
Azimuth angle of optic axis
from radiometer to point
specified in word 7A, 8D.
This angle is measured
clockwise and expressed as
a positive number.
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9A .......
10D ......
10A ......
lID ......
IlA ......
12D ......
12A ......
13D ......
13A ......
14D ......
14A ......
15D ......
15A ......
16D ......
16A ......
17D ......
17A ......
18D ......
18A ......
19D ......
19A ......
20D ......
20A ......
21D ......
21A ......
22D ......
22A ......
23D .....
23A ......
24D .....
24A ......
Zero ..........................................................................
T,,, (ch.i) ........ Degrees K ........ B = 14"_
T,_2,(ch.2) ....... Degrees K ........ B = 32_
W (ch. 3) ..... Watts/m: B = 14'_
Zero B = 32
W (ch. 5) ........ Watts/m: _ ........ B = 14]
Zero ................................................
T_,, (ch.l) ........ IDegrees K ........ [B = 14_
T,_!,(ch.2) ........ | Degrees K ........ | B = 32[
W (ch. 3) ........ ]_Watts/m-' _........ [B=14\iZeero.................................. B = 321
Wzero (ch. 5) ........ [Wa;ts/m 2 _........ _B= 14,
r__,, (ch. 2) ........ | Degrees K ........ | B = 32_
(oh. 3) ........ Watts/m: _ ........ B = 14"
Zero .................................... B = 32_
Zero b
T.... (-ch_l-):_--_-_-_-_-_--lDeg_'ees-K--_-_-_-_-_-_-_-_-/ B --i --
T,_.2,, (ch. 2) ...... | Degrees K ........ / B = 32_
W (ch. 3) ........ _Watts/m: _ ....... ]B=14k[Zero ................................... B = 32 I
W (ch. 5) ........ I Watts/m:_ ........ 1 B = 14]
Zero L L
r .... ................................(ch. 1) ....... Degrees K ........
T,_2,,,(ch. 2) ....... Degrees K ........ B = 32/
W (ch. 3) ....... Watts/m: ......... B :: 14\.
Z__eero.................................. B = 32
W (ch. 5) ........ Watts/m s ......... B = 14]
Zero ..................................................
I
Measurement by each of the B
five medium resolution |
channels at timc spccificd
in 1D, 1A, 2D, 6D when
radiometer is "viewing" •
point on earth specified in e
wm'ds 7A, 8D.
The data sample immediately •
following the measurement |
recorded in words 10D-
12A.
The data sample immediately N
following the measurement
recorded in words 13D- •
15A.
The data sample immediately D
following the measurement
recorded in words 16D-
18A. I
The data sample immediately
following the measurement
recorded in words 19D- I21A.
!
The block of data from words 6D to 24A
will be repeated, thus defining every fifth
measurement in a swath. The address of
the third word in the last response of a swath
will contain 010101010101010 to signal end
of record. A "look ahead" feature was in-
corporated into TIROS IV data reduction,
and if the End of Tape signal occurs within
an earth-viewing swath, that entire swath is
discarded. Each time the swath terminates,
two words (N and N+ 1) will follow the last
"earth viewing" response with the following
format:
Word No.
ND ......
NA ......
(N+I)D _
(N+I)A _
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Quantity
Code .............
Nadir Angle ......
Latitude ..........
Longitude .........
Units Scaling
111111111111111 ................
Degrees ...........
Degrees ...........
Degrees ...........
B : 29
B= ii
B = 29
Remarks
Code indicating end of swath
The minimum nadir angle
that occurred in the pre-
viously defined swath
Latitude of point on earth
being "viewed" by radiom-
eter when the minimum
nadir angle occurred. 90 °
are added to all latitudes
to yield positive numbers
Longitude of point on earth
being "viewed" by radiom-
eter when minimum nadir
angle occurred. Longitudes
are reported as 0 to 360 °,
with west being positive.
I
I
I
I
I
I
I
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Occasionally dropouts are encountered and
the corresponding data records contain no
radiation data. This event is relatively rare
in TIROS IV data, but in such cases the
radiation data record contains only five
words (1D to 5A) which document the rec-
ord with respect to time. In such records, the
datum in the address of the third word (To)
is destroyed by the End of Record code.
A flow diagram to aid in interpreting this
format is shown in Figure 40. It is seen that
the format is analogous to four "nested
loops" (in programming language), i.e.,
groups of five responses, entire swaths, one-
minute records, and files. It is pointed out
that a particular swath (and, hence, a par-
ticular record and a particular file) can end
either on the "anchor data response" or on
any of the four following non-geographically
located data responses and that Figure 40
merely illustrates one possible combination
of ending responses.
4.6 IBM 7090 Computer Flow Diagram
The FMR tape as described in the previous
section is prepared with an IBM 7090 com-
puter program whose input consists of
orbital data, digital radiation data, and
TIROS IV radiometer calibration data. The
flow charts shown in Figure 41 outline the
logical steps in this program and thus gives
some insight into the mechanics of preparing
these tapes. The flow chart has been greatly
condensed since it is impossible to present a
detailed flow chart within the space limita-
tions of this publication.
The first phase of this program sets up
the documentation data and then reads the
entire file of radiation data to compute the
start time from the end-of-tape time and the
data sampling frequency. Given the start-
ing and ending times, the program then
searches the orbital tape to find orbital data
(subsatellite point, height, nadir angle, right
ascension, and declination) covering the
same time interval. These data are then
arranged in tables as a function of time so
that interpolation subroutines can be used in
the second phase to obtain values of the
orbital characteristics for any specified time.
At this point, an optional feature allows
the program to accept the attitude data from
the orbital tape, or an alternate estimate of
the attitude from a second documentation
card. If the alternate attitude is accepted,
the nadir angles are recomputed.
The second phase of the program reduces
the digitized radiation data into useful me-
teorological data. This begins with a detailed
examination of the radiation data to distin-
guish between earth and space viewed data.
This distinction is based on an arbitrarily
defined threshold value applied to channel 2.
Both sensors are assumed to be viewing
space when the measured radiation falls be-
low the threshold value, and one sensor is
viewing the earth when the measured radia-
tion exceeds the threshold value. The end of
swath is arbitrarily defined as three consecu-
tive space-viewed measurements.
For each earth-viewing swath, the pro-
gram proceeds to determine which sensor is
viewing the earth, computes the latitude and
longitude of the point on earth being
"viewed" by the radiometer for each fifth
measurement in the swath; and converts the
digitized data into radiation units for each
measurement in the swath. The data words
containing radiation measurements contain
a "1" in position 19 when the wall sensor is
viewing the earth.
Each record on the FMR tape covers ap-
proximately one minute of time and fermi-
nates with the end of swath in progress at
60.0 seconds past the minute. When the end
of tape is encountered, the program writes
the last data record and reinitializes in prep-
aration for the next orbit of radiation data.
V. RADIATION DATA COVERAGE
AND DOCUMENTATION
5.1 Radiation Data Coverage
The discussion in this section concerning
the radiation data coverage parallels the dis-
cussion given by Wood and Widger :_-' on
the photographic coverage by the TIROS
satellite.
The geographical area from which signifi-
cant meteorological radiation data are ob-
tained by TIROS IV is limited in latitudinal
extent mainly to the area between about
48°N and 48°S latitude. The latitude limita-
tion is due to the 48 ° inclination of the orbit
of the satellite to the equatorial plane.
A longitudinal limitation is imposed on
obtaining radiation data due to the location
of the data acquisition stations. This is be-
cause the range at which each station can
contact the satellite and acquire data is
limited to line of sight from the ground to
satellite. To obtain as noise-free data as pos-
sible the antenna elevation angles are gener-
ally limited to 10 ° above the horizon. In
Figure 42 the data acquisition circles for a
10° antenna elevation angle at Wallops
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Island and San Nicolas Island acquisition sta-
tions are shown plotted on a Mercator Pro-
jection World Map.
Figure 42 also shows the trace of the sub-
point tracks for 8 successive orbits. This
series of subpoint tracks shows that the max-
imum number of successive orbits that may
be interrogated by the acquisition stations is
8. If orbit (N) can just be acquired by the
Wallops Island station, then orbit (N+8) is
the first orbit which cannot be acquired by
the San Nicolas Island station. The dashed
line in Figure 42 shows the last orbit which
may be acquired by San Nicholas Island.
Therefore, only a maximum of 8"successive
orbits (N through N+7) may be interro-
gated in any interrogation day and orbits
• with ascending nodes between longitudes
75°E and 85°W cannot be acquired by either
station. The interrogation day includes all or-
bits interrogated in the series of 8 consecu-
tive orbits which come within range of the
Command and Data Acquisition stations dur-
ing each 24-hour period, as shown in Figure
42. The interrogation day can and often
does occur on two separate calendar days.
The shaded area of Figure 42 shows the
geographical areas where nearly all radiation
data are acquired. The unshaded regions be-
tween 48°N and 48°S latitude show the longi-
tude limitations on the acquisition of data
due to the location of the acquisition stations.
Because of the inclination of the sensors to
the spin vector and/or the precession of the
spin vector some data are acquired in the
unshaded regions to about 63°N o1" 63°S lati-
tude. However, the number of data samples
acquired in this area is small compared to
the number acquired in the shaded area.
Further latitude limitations are imposed
on obtaining reflected solar radiation meas-
urements because of the need for solar illumi-
nation. Because of the slight bulge of the
earth at the equator, the satellite orbital
plane precesses in right ascension at the rate
of --4.43 deg/day. This is illustrated in
Figure 43, where the spin vector and orbital
plane orientation for selected orbits of
TIROS IV, as viewed from the sun, are
shown. The quantity _ is defined as the
right ascension of the sun minus the right
ascension of the orbital ascending node. Due
to the precession of the orbital plane and
the movement of the earth in its orbit, a
complete cycle of the precession of the plane
of the satellite's orbit relative to the sun
(synodic period) is completed in about 66.5
days.
For any single day the plane of the satel-
lite orbit remains nearly fixed in absolute
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space while the earth rotates within the
orbit. Thus, at a given latitude and consider-
ing only solar illumination, reflected solar
radiation could be obtained for all longitudes
during any single day. The precession of the
orbital plane causes the illuminated latitudes,
as seen by the satellite, to change during one
synodic period as described below. In the
following discussion the solar illuminated
area, where radiation data are available, is
defined by requiring the solar zenith angle
to be less than 70 ° and the radiometer optical
nadir angle to be less than 58 ° . The follow-
ing discussion is concerned only with the
availability of reflected solar radiation meas-
urements.
The time of the TIROS IV launch has been
chosen so that the northern part of the orbit
is on the side of the earth nearest the sun
(Figure 43a) and reflected solar radiation
data can be obtained from about 20°S lati-
tude to 55°N latitude. After about 15 days,
the orbital plane has precessed to a A_ of
180 ° (Figure 43b) which means that the
descending node occurs on the meridian of
the subsolar point. At this time, reflected
solar radiation data can be obtained from
about 61°S to 51°N latitude.
By TIROS IV Day 31, or 31 sequential
days following launch day, the orbital plane
has precessed to a A_ of 270 ° (Figure 43c)
and the southern part of the orbit is over the
sunlit side of the earth. At this time re-
flected solar radiation data can be obtained
only in the Southern Hemisphere from about
63°S to 0 ° latitude and the satellite is over
the Northern Hemisphere only at night. On
TIROS IV Day 48, A¢ is equal to 0° (Figure
43d) and the ascending node of the orbit is
on the sunlit side of the earth. At this time,
reflected solar radiation data are available
from about 56.5°S to 60°N latitude. Con-
tinued precession until TIROS IV Day 65
moves the orbit to a A_ of 90 ° (Figure 43e)
where the reflected solar radiation data
coverage is from about 0°N to 63°N latitude.
At this time, the satellite is in the Southern
Hemisphere only at night. On about TIROS
IV Day 66.5, the orbital plane has the same
orientation as at launch. The whole preces-
sion cycle then repeats with the synodic
period of about 66.5 days throughout the
satellite lifetime. The northern and southern
latitude limits of reflected solar radiation
coverage can vary from one synodic period
to the next due to the changing subsolar
point.
The reflected solar radiation coverage for
TIROS IV is summarized in Figure 44 where
I
I
I
I
i
!
I
I
i
I
I
I
I
I
I
I
I
I
II
I
I
!
i
I
i
I
i
I
I
I
I
I
I
I
I
I
I
the shaded area indicates the illuminated
latitudes for each TIROS IV Day. Disre-
garding the solar illumination requirement,
the medium resolution radiometer latitude
coverage as shown in Figure 44 would be
from about 63°S to 63°N latitude. Knowing
this, we can see in Figure 44 that during two
time intervals of TIROS IV reflected solar
radiation data could not be acquired due to
inadequate solar illumination. During the
first time interval, centered on TIROS IV
Day 5, the subsolar point was in the South-
ern Hemisphere at a declination of about
--14 ° , thus reducing the coverage in the
Northern Hemisphere from 63°N latitude to
about 56°N latitude. During the second time
interval, centered on TIROS IV Day 105, the
subsolar point was in the Northern Hemi-
sphere at about +20 ° declination thus re-
ducing the coverage in the Southern Hemi-
sphere from about 63°S latitude to about
50°S latitude.
5.2 Documentation of Radiation Data
The radiation data available on the FMR
tapes have been documented in an Index of
Final Meteorological Radiation Tapes. This
Index, which is found in Appendix A, lists
information for the orbital ascending node,
the spin vector attitude, and the spin rate
for every TIROS IV orbit for which radia-
tion data are available. The time interval
for which radiation data are available in
each processed orbit is also listed in Appen-
dix A.
For each interrogation day, the time in-
terval for the radiation data on the FMR
tape is summarized diagrammatically on the
subpoint tracks for that day. Information
concerning the minimum nadir angle is also
included. The presentations are located in
Appendix B. and identified by calendar date.
With the data in this form, the user can
quickly find the applicable orbits and ap-
proximate the geographical area of radiation
data coverage.
VI. PRE-LAUNCH AND POST-
LAUNCH OBSERVATIONS AND
DEVELOPMENTS
6.1 Pre-Launch Degradation of Channels 3
and 5
As indicated in Section 3.6, the response
of channels 3 and 5 apparently degraded be-
fore launch, based upon check-of-calibration
measurements made between 22 December
1961 and 25 January 1962, whereas the orig-
inal calibration of channels 1 and 2 remained
essentially unchanged.
6.2 Post-Launch Degradation of Channels
1, 2, 3, and 5
There is strong evidence that all channels
of the medium resolution radiometers flown
on TIROS II and TIROS III, as well as on
TIROS IV, degraded in response in some way
after going into orbit. The post-launch deg-
radation has been observed in two ways.
First, as pointed out in Section 3.5, the space-
viewed level can be considered to be a single-
point check of calibration, and any shift
observed in this level after the origihal cali-
bration indicates that a change has occurred
in the system. A shift could be caused by
an imbalance which develops between the
floor and wall optical paths in one of the
emitted thermal radiation channels, or by a
drift of the transfer functions of the satel-
lite-borne electronics associated with either
the reflected solar or emitted thermal radia-
tion channels. Because the ground demodu-
lation equipment is readily accessible and
constantly checked and aligned, the possi-
bility of its contributing to a persistent shift
in the space-viewed level can be discounted.
The weight of evidence to date indicates
that the primary cause of shifts of the space-
viewed levels of the thermal radiation
channels has been an imbalance which devel-
oped between the floor and wall paths of the
optics. We shall define this type of degrada-
tion as "asymmetrical optical degradation."
Because the shift in the space-viewed level
due to asymmetrical optical degradation
results from chopped thermal radiation
em,_d from components of the radiometer
within the passband of the filter, it follows
that this type of degradation cannot be a
cause of a shift in the space-viewed levels of
the reflected solar radiation channels which
are not sensitive in the infrared. A drift in
the satellite-borne radiometer preamplifier
or associated oscillator could of course cause
a shift in the space-viewed levels of the re-
flected solar radiation channels, but to date
there have been no appreciable shifts in
these channels, inferring that the electronics
are relatively stable. The shifts of the space-
viewed levels, AF, of the thermal radiation
channels of TIROS IV are shown in Figure
45. The very small level of indicated asym-
metrical optical degradation for these
channels compared to their counterparts in
TIROS III is seen by comparison with pages
68 and 69 of the TIROS III Radiation Data
Users' ManuaP (e.g., at orbit 1000 the AF
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of _ 1 c.p.s,for channel1, TIROSIV, com-
pareswitha z_F of _ 30 c.p.s, for channel 1,
TIROS III; and the AF of --_ 0.5 c.p.s, for
channel 2, TIROS IV, compares with a AF
of _ 2.5 c.p.s, for channel 2, TIROS III).
Another type of degradation may exist for
all channels without any shift occurring in
the space-viewed level. In the absence of an
on-board calibration, this type of degrada-
tion has been indicated by the behavior of
large quantities of data analyzed statistically
by a computer program originally designed
to study the "quasi-global" heat balance.
Throughout this document the term "quasi-
globe" shall refer to that portion of the world
observed by the radiometer under the con-
straints of the TIROS orbit i.e., the broad
zone between 55°N latitude and 55°S lati-
tude, with the exception of those areas which
can not be acquired due to the locations of
the Command and Data Acquisition stations.
The heat balance program was designed to
convert individual measurements from chan-
nels 2 andS4 to total outgoing long-wave
flux, W, by the methods given by Wark,
Yamamoto, and Leinesch '-'° and to average
the calculations accumulated throughout a
sustained period (e.g. a month) over time
and area to yield the "cumulative quasi-
global emitted radiant power, p_," (in units
of 1014 watts). The program was also de-
signed to calculate reflectances from individ-
ual measurements from channels 3 and 5
according to the Lambert cosine law and
to average the calculations accumulated
throughout a sustained period over time and
area to yield the "cumulative quasi-global
albedo, A_. '' The primary purpose of the
heat balance program thus has not been ful-
filled due to the evidence of degradation
which it revealed. We shall define this type
of degradation as "symmetrical optical deg-
radation."
Two specific characteristics of the heat
balance program should be pointed out:
1 The accumulation of measurements over
a sustained period masks the true magnitude
of the day by day changes in the instrument,
and
2 The conversion of channel 2 and 4
measurements to total outgoing long-wave
flux masks the true magnitude of the instru-
mental degradation.
Concerning the second characteristic, the
Wark, Yamamoto, Leinesch ,'' conversion
from a channel 2 or 4 measurement to total
outgoing long-wave flux, W, can be approxi-
mated by the linear expression (incorporat-
16
ing a mean value for the limb darkening
effect)
W=r + sW .(8)
I
I
where r and s are constants of positive sign.
To utilize the results from the heat balance R
program in investigating instrumental deg-
radation the two characteristics above must
be eliminated by further manual manipula- n
tion of the computer output. A full discus-
sion of the heat balance program, of the
methods of analysis of its output for
investigating instrumental degradation, and
of the models which attempt to correct the
degraded measurements is found in the •
"TIROS III Radiation Data Users' Manual |
SupplemenV _'' and will not be repeated here.
Results from channels 2 (8-12t_) and the i
channels 4 (8-30t_) of TIROS II and III |
and from channel 2 (8-12_) of TIROS IV
are shown in Figure 46. Intermediate cumu-
lative averages (e.g. day_ 0-3, days 0-6, days i
0-9, etc.) were printed out approximately
every 3 days by the computer as it developed
each cumulative average over about a 30 day t
period. The intermediate values are the |
interconnected circled dots, and a 30 day
cumulative average is the final circled dot
in each string of points. The initiation of a
new cumulative average is indicated by a
break in the interconnecting lines. Thus
five separate sequences of cumulative |
averages for channel 2 of TIROS IV, each R
extending over a period of about 30 days,
are shown in Figure 46. It is seen that there
is an apparent decrease with time of the i
cumulative quasi-global emitted radiant
power to about day 42 (22 March 1962;
orbit 600) after which the power stabilizes •
and remains sensibly constant at a value of |
about 963 x 1014 watts. Values of the cumu-
lative quasi-global emitted radiant power
for the thermal radiation channels of TIROS
II and III show decreases over the first 600 |
orbits also, but at even greater rates. For
comparison, quasi-global emitted radiant •
power values were calculated from London _ i
and are shown by arrows near the lower
left-hand corner of Figure 46. Because
London investigated only the Northern i
Hemisphere, opposite seasons from 0 ° to
55°N were combined as an approximation to
represent the quasi-globe from 55°S to 55°N. i|In treating data from the reflected solar
radiation channels the program calculated
cumulative averages of quasi-global albedo, •
A _, over successive periods of only 9 days B
with intermediate cumulative averages
printed out approximately every 3 days. In !
!
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Figure 46 fifteen separate sequences of A c
for the reflected solar radiation channels of
TIROS IV are shown. The values of albedo
along the ordinate on the right are positioned
such that the resulting absorbed solar radia-
tion [Insolation over the quasi-globe x
(1-albedo)] coincides with the ordinate on
the left. Again it is seen that there is an
apparent decrease with time of albedo after
which the 0.2-6.0_ channel of TIROS IV
seems to stabilize while albedo values from
the 0.55-0.75_ channel values continue to
decrease. It is difficult to interpret the re-
flected solar radiation results in light of the
progressive decrease of response of both
channels which occurred before launch (up
to 25 January 1962). There may well have
been continued decreases during the two
weeks that elapsed between the last check
of calibration and launch. On the other hand
perhaps factors present during launch or
during the first few days (or even hours) of
exposure to the space environment contribute
to the apparently low initial values of A c
in Figure 46.
Because of the angular motion of the spin
vector of TIROS over the celestial sphere, 3°
occasionally the 45 ° half-angle conical figure,
generated by the radiometer axis in the wall
direction as the satellite spins, intersects the
direct rays of the sun. Under these condi-
tions, direct solar rays impinge upon the
sensors from the wall direction momentar-
ily once during each satellite rotation. Such
an unfavorable satellite-sun geometry may
exist for one or two days until it is eliminated
by a change in the attitude of the space-
craft. There were four periods in the history
of TIROS IV when such an unfavorable
geometry occurred, viz., the periods includ-
ing the orbits numbered 300-328 (TIROS IV
days 21-23), 1005-1039 (days 70-72), 1335-
1360 (days 93-95) and 1555-1590 (days 108-
111). When solar interference was severe,
the data were not reduced. However, in
several orbits where there was no inter-
ference with the long-wave channels and only
marginal interference with the short-wave
channels the data were reduced. In Figure
46 the sharp gradients and divergencies in
the data from the two short-wave channels
near days 21, 72, and 110 apparently are the
results of marginal contamination from the
direct rays of the sun.
In interpreting Figure 46 it must be
emphasized that radiative equilibrium can
not be assumed for the quasi-globe, that is,
one can not equate absorbed solar radiation
with emitted terrestrial radiation to yield
the quasi-global heat balance. Heat is lost
from the quasi-globe by other means than
radiation, primarily through meridional
wind and ocean current components crossing
the 55°N and 55°S boundaries. Calculations
from London's data indicate that the an-
nual quasi-global excess of absorbed solar
radiation over emitted terrestrial radiation
is 70 X 10 TM watts. It is tempting to try to
infer the quasi-global albedo by extrapolat-
ing the TIROS IV 8.0-12.0_ curve back
to the ordinate, keeping in mind the follow-
ing two assumptions : (1) that the intercept
value of total flux was correctly derived from
satellite measurements, which at the time
of launch were undegraded and represented
accurately a quasi-global mean value, and
(2) that this value of emitted terrestrial
radiation plus 70 X 1414 watts represents the
net quasi-global heat loss. The TIROS IV
curve extrapolated backward in time inter-
sects the ordinate at 1025 X 1014 watts. The
net quasi-global loss then becomes (1025
+ 70) × 10 TM ----1095 X 1014 watts, and the
albedo required to replenish 1095 × 1014
watts with absorbed solar radiation is 30.7 %.
(This value is 2.8% lower than the quasi-
global annual albedo of 33.5% calculated
from London's data.)
6.2.1 Channel 1 The history of the fre-
quency differences, AF, between the in-flight
and calibrated space-viewed levels as a func-
tion of orbit number is shown in the upper
half of Figure 45. Due to the way in which
the plotted points were acquired, AF is
about 1 c.p.s, higher in the figure than it
actually was. Therefore, the in-flight and
calibrated space-viewed levels are approxi-
mately the same to about orbit 900, after
which the in-flight space-viewed level in-
creases slightly, resulting in a _F of about
1.5 c.p.s, at orbit 2039.
The cumulative quasi-global effective
emitted radiant power P" for channel 1 was
obtained using the computer program de-
scribed in Section 6.2. It was possible to
specify the constants r = o, s --I in equation
(8) thus averaging values of W directly in
the program. However, it was still necessary
to eliminate the cumulative characteristic of
the program output to yield the quasi-global
effective emitted radiant power, PL (The
uasi-global effective emitted radiant power,
, is equal to the mean quasi-global effective
radiant emittance, W_,_. multiplied by 4.1785
X 10 TM meters-', the area between 55°N and
55°S.) Values of P_ for approximately every
20 orbits are plotted in Figure 47. Although
there is wide scatter among the individual
points, there is an appa_rent decrease of about
18% in the values of P_ throughout the life-
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time of the satellite. Since channel1 re-
spondsto emissionfrom water vapor,a cor-
rect interpretationof Figure 47 demandsa
knowledgeof the time and spacevariations
in the globaldistribution of water vaporto
separatepossiblemeteorologicalfactorsfrom
instrumental degradation. Becauseof our
lack of knowledgeof the behaviorof water
vapor on a global scaleand becauseof the
large scatter of the individual points, we
havenotattemptedto constructa correction
nomogramfor channel 1 measurements.
However,onemayinfer from Figure47 that
some instrumental degradation is taking
plaec.
6.2.2 Channel 2 The history of AF is
shown in the lower half of Figure 45. Here
the plotted points reflect the true value of
_F, never deviating more than 1 c.p.s, from
zero.
Individual values of the quasi-global
emitted radiant power, P_, for approximately
every 20 orbits were derived from the cumu-
lative averages of Figure 46 by the method
described in the TIROS III Supplement :_3and
a smooth curve was drawn through them in
Figure 48. By its very nature, P_ is expected
to remain fairly constant with time and not
be strongly affected by meteorological
changes.
As can be seen from Figure 48, P_ de-
creases by about 6% during the first six
weeks after launch and then remains fairly
constant during the remainder of the experi-
ment's lifetime. The 6% decrease in P_
could possibly be explained by changing me-
teorological conditions, such as increasing
cloud cover, for the six week period rather
than by degradation effects in channel 2.
However, it is felt that the percentage in-
crease in the quasi-global albedo necessary
to decrease P_ by 6% is not very likely to
occur. Furthermore, the curves for P_ for
channels 2 of TIROS II and TIROS III
shown in Figure 46 exhibit a decrease which
is similar timewise but of larger magnitude
--a decrease which cannot be caused by me-
teorological conditions alone and must be
due to degradation. Also, the shape of the
curve of Figure 48 in the region of decreas-
ing P_ suggests rather strongly a degrada-
tion pattern. Therefore, the decline of P_ is
attributed to symmetrical optical degrada-
tion of the response of channel 2.
From the degradation curve of P_, and as-
suming that the space-level remained at its
calibrated value (which is essentially true as
seen in Figure 45) a symmetrical optical
degradation model has been developed and ap-
18
plied to channel 2. From this model the cor-
rections, 8T,_,, have been derived. These cor-
rections, shown in Figure 49, are to be added
to the wall and floor T,B measurements con-
rained on the FMR tape. For example, from
Figure 49, it is seen that an equivalent black-
body temperature of 280°K measured by
channel 2 during orbit 300 should be in-
creased by 4°K, yielding a corrected measure-
ment of 284°K. The correction nomogram in
Figure 49 was tested and essentially con-
firmed in a comparision of satellite measure-
ments with measurements from a balloon-
borne experiment flown by the University
of Michigan on 2 June 1962 (see Section 6.2.3
below).
It is to be emphasized that the above cor-
rections are only simplified attempts at cor-
recting for several complicated degradation
mechanisms which are not yet fully under-
stood. However, the corrections offered in
Figure 49 represent a realistic approach in
correcting for degradation.
6.2.3 Channel3 and Channel5 Values of
quasi-global albedo A _ for channels 3 and 5
were derived from the cumulative quasi-
global albedos A _ of Figure 46 by the method
described in the TIROS III Supplement 33and
smooth curves were drawn through them in
Figures 50 and 51. In Figure 50, A _ for
channel 3 as a function of orbit number is
indicated by the solid line. Error bars in-
dicate approximately one standard deviation.
It is difficult to obtain a representative value
for A _ during the first few days after launch
because only a small amount of data over a
limited geographical area can be obtained
and therefore the initial portion of the curve
cannot be determined very accurately. Fig-
ure 50 indicates that A _ for channel 3 de-
creased strongly during the first week after
launch. This decrease is attributed to de-
gradation of the channel 3 response. After
about orbit 600 the curve levels off indicating
that the instrumental response has stabilized
and does not degrade further. There is addi-
tional evidence which indicates that the de-
crease in A _ is due to degradation. First, A t
for channel 3 of TIROS III showed a de-
crease in time similar to that of Figure 50.
Second, and more conclusive, is the observed
degradation in the response of channel 3
before launch.
The plot of A i vs. orbit number for chan-
nel 5 is shown in Figure 51. By the same
arguments used for channel 3, it is concluded
that the response of chann_el 5 shows de-
gradation. However, in contrast to channel
3, values of A t from channel 5 continue to
decrease to the end of the experiment.
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The degradation of the response of chan-
nels 3 and 5 indicated above was substan-
tiated by a separate experiment. A five
channel radiometer, similar to the one carried
on TIROS IV, was flown on a balloon by the
University of Michigan (under contract to
NASA) over South Dakota on 2 June 1962.
The duration of the flight was from sunrise
to sunset. Radiation data from the same area
were obtained by the TIROS IV five channel
radiometer on orbit 1642 at 214 43 _ GMT of
the same day. By comparing the measure-
ments obtained from a given area by both
radiometers, some indication as to degrada-
tion in the satellite radiometer can be deter-
mined. Complications in the comparison of
the measurements occur due to the time vari-
ation between the measurements, different
viewing angles, and the different altitudes
of the two radiometers.
The comparison indicates that the balloon
measurements of channel 3 and channel 5
are higher than the satellite measurements
taken over the same areas by factors of about
1.84 ± 0.14 and 2.15 ± 0.15 respectively.
Comparative channel 5 data from the two
radiometers are shown in Figure 52. Since
the balloon-borne radiometer was carefully
calibrated, both before and after the flight
with no evidence of change, the factors cited
above can be interpreted as absolute correc-
tion factors. Thus from Figure 50 the cor-
rected channel 3 value of A_ at orbit 1642
becomes
A _ = 1.84 × 16.5 = 30.4%
and from Figure 51 the corrected channel 5
value of A _ at orbit 1642 becomes
A _ = 2.15 X 13 = 28.0%
The channel 3 value of A _ compares favor-
ably with the 30.7% albedo inferred from
extrapolated channel 2 data in Section 6.2
above, whereas the channel 5 value of A i is
somewhat lower. As a first approximation,
one can assume a value of Ai= 29 ± 4%
and calculate degradation correction factors
as a function of time from Figures 50 and
51 for channels 3 and 5 respectively. It can
be seen that the channel 3 correction factor
would remain constant after orbit 600
whereas the channel 5 correction factor
would increase constantly with time.
The correction factors discussed above
were derived on the assumption that the
degradation involves only a wavelength-
independent decrease in the instrumental
response, symmetrical with respect to floor
and wall sides, and linearly proportional to
effective radiation intensity, with no drift
in the satellite-borne electronics. Caution
must be exercised in applying factors, based
upon broad averages, to individual measure-
ments extending over the entire instrumental
dynamic range from the lowest to the highest
intensities. Any departure of the system
from the assumption of linear proportional-
ity to the effective radiation intensity could
introduce appreciable errors in individual
measurements which are higher or lower
than the mean. Plans to use computer tech-
niques to investigate the behavior of the in-
tensity distribution of the measurements
with time, looking for non-linearities in the
instrumental degradation are now going for-
ward. However, it was decided to publish
the work to date now, rather than hold pub-
lication of the Catalog-Manual until further
results are obtained. Therefore, the correc-
tion factors suggested above are perforce
incomplete and must be applied with caution.
However, they should be of use as a guide in
interpreting data from the reflected solar
radiation channels. In the last analysis, any
efforts of the type described above are poor
substitutes for an active and adequate means
of checking the calibration of the orbiting
instrument. Such an on-board calibration de-
vice is now being designed, and it is planned
to include it in the next TIROS medium
resolution experiment, scheduled to be
launched in 1964.
6.3 Estimate of the Accuracy of the Data
Inaccuracies in the data are caused not
only by the degradation of the various chan-
nels after the original calibration, but also
by such effects as wow and flutter in the
magnetic tapc, noise, drift of T_, and T_, from
their assumed relationship, and uncertainties
in the original calibration.
The estimates of accuracy given below
apply to the mid-range of target intensities.
As can be seen from the figures of F,_ vs.
T,,,, the accuracy of the thermal channels
suffers at very low target temperatures.
6.3.1 Channel 1 The estimated relative
accuracy of T_B measurements is ± 2°K, and
the estimated absolute accuracy is ± 5°K
immediately after launch, after which some
degradation in instrumental response ap-
parently occurs.
6.3.2 Channel 2 The estimated relative ac-
curacy of T_R measurements is ± 2°K, and
the estimated absolute accuracy is ___4°K
after launch, increasing to an estimated
___6°K in later orbits after applying correc-
tions from Figure 49.
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6.3.3 Channel 3 and Channel 5 The esti-
mated relative accuracy of W measurements
is __+20 w/m'-' and ___ 3 w/m 2 respectively.
Because of the history of pre-!aunch as well
as post-launch degradation, no estimates of
absolute accuracy are given.
6.4 Infrared Radiation Experiment Lifetime
After orbit 1728, the satellite record
mechanism began to fail and many of the
later orbits had no end-of-tape pulse. As a
result, only 41 orbits were digitized after
orbit 1728. At orbit 2039 the record system
completely failed and this was the last orbit
of radiation data digitized for TIROS IV.
VII. CONCLUSIONS
The major limitation of the TIROS IV
medium resolution radiometer experiment is
the uncertainty in the absolute values of the
measurements, resulting from the post-
2O
launch degradation of the instrumental re-
sponse. The degradation corrections given
in Section VI can serve as a guide for in-
terpreting the data in terms of absolute
values. However, because they were derived
from large-scale averages, caution should
be exercised in applying them to individual
measurements, especially those near the high
or low extremes of the instrumental dynamic
range.
In studies involving comparative measure-
ments over many days, the data from channel
2 (8-12t0 and channel 3 (0.2-6_) after orbit
600 should be used wherever possible because
the degradation in the response of these two
channels appears to stabilize and remain
constant after that time.
The data from all channels are of value
throughout the history of the radiometer
experiment for studies involving relative
measurements over a short period of time,
for example the contrast mapping of cloud
systems.
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TABLE III.--Filter and Lens Materials
I
Lens 1
Lens 2
Lens 3
Filter 1
Filter 2
Filter 3
Channel 1
Germanium immersion lens de-
tector, first surface coated with
pure Z,S of X/4 optical thick-
ness at 6.3#.
Germanium with both surfaces
coated with pure ZnS of X/4
optical thickness at 6.3#.
Germanium with both surfaces
cotaed with pure ZnS of X/4
optical thickness at 6.3_.
Narrow band, OCLI, interfer-
ence type centered at 6.3#,
outer filter surfaces of Al:O_
substrate, inner filter has 14
alternate multilayers of Ge
and SiP.
None .........................
None .........................
Channel 2
Germanium with both
surfaces coated with
pure ZnS of X/4 opti_
cal thickness at 10#.
Germanium with both
surfaces coated with
pure ZnS of X/4 optical
thickness at 10#.
None ..................
Indium Antimonide
(InSb), both surfaces
coated with pure Z.S
of h/4 optical thickness
at 10it.
Arsenic Trisulfide (As:SD
glass, uncoated 0.5mm
plane piece.
None ..................
Channel 3
Synthetic Barium Fluor-
ide (BaF2) with no
coatings.
Channel 5
Pure Quartz (SIP..,) with
no coatings,
Synthetic S a p p h i r e S y n t h e t i c Sapphire
(Ai:O3) with no coat- (Al.-O3) with no coat-
ings. ings,
None .................. None ..................
None ..................
None ..................
None ..................
Narrow band Infrared
industries Type 259,-
011,518
Narrow band Infrared
Industries Type 259,-
011,608
Infrared Industries
chance glass ON-20
inch thick.
I
TABLE IV.--Effcctive Spectral Response, Channel 1 TABLE VI.--Effective Spectral Response, Channel 3
(Microns) (Microns)I
I
I
I
(Microns)
5.6 0
5.7 .002
5.8 .009
5.9 .087
6.0 .110
6.1 .162
6.2 ,194
6.3 .207
6.4 ,211
6.5 .169
6.6 .081
6.7 .027
6.8 .010
6.9 .004
7.0 0
.25
.30
.40
.50
.80
.90
1.00
1.40
1.60
2.00
2.60
2.80
3.00
.122
.853
.520
.588
.403
.421
.478
.572
.605
.650
.642
,646
.638
3.50
4.00
4.10
4.20
4.30
4,50
5.00
5.50
6.00
6.20
6.50
6.90
.714
.614
.580
.561
.547
.532
.410
.250
.116
.053
.022
0
I
I
I
I
I
I
TABLE V.--Effective Spectral Response, Channel 2
(Microns)
7.1 0
7.5 .081
8.0 .210
8.5 .303
9.0 .384
9.5 .398
10.0 .358
10.5 .332
11.0 .312
11.5 .308
12.0 .261
12.5 .193
13.0 .131
13.5 .055
14.0 .012
14.5 .001
¢_
(Microns)
15.0 .007
15.5 .022
16.0 .064
16.5 .O72
17.0 .068
17.5 .058
18.0 .043
18.5 .037
19.0 .029
19.5 .024
20.0 .018
20.5 .013
21,0 .008
21.5 .005
22.0 .001
22.5 0
TABLE VII.--Effective Spectral Response, Channel 5
k
(Microns)
.350
.475
.500
.525
.550
.563
.575
.600
.607
6.25
.650
.660
.675
.700
.710
.730
.750
.765
_x
.001
,003
.021
.104
.276
.290
.275
X
(Microns)
.775
.800
.825
1.100
1.130
1,200
1.600
_x
.008
.001
.000
.002
.011
.006
.010
.200 1.800
.195 2.000
.225 2.120
.262 2.210
.267 2.300
.256 2,400
.176 2,500
.159 2.600
.187 2.700
.091 2,750
.022 2,800
.O29
.050
.050
.044
.047
.054
.058
.056
.014
.002
.000
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TABLE VIII.--T_B vs. W, Channel 1
Tm_ (OK) W (watts/m 2)
TABLE IX.--T_Bvs. W, Channel 2
TBB (OK) W (watts/m:)
I
I
170 .0069
190 .0280
210 .0876
230 .2247
250 .4962
270 .9748
290 1.7460
310 2.9010
330 4.5350
350 6.7380
370 9.5960
170 1.87
190 4.05
210 7.71
230 13.32
250 21.30
270 31.98
290 45.64
310 62.46
330 82.57
350 106.00
I
I
I
TABLE X.--Changes in Blackbody Temperature and Effective Radiant Emittance Due to Differences
of To From T_.Calculations Made for TIROS III Radiometer
Channel
1
iv.
2
iv,
3
iv,
5
iv.
TE(°C)
0
5
5
0
0
5
5
0
0
5
5
0
0
5
5
0
0
5
5
0
0
5
5
0
0
5
5
0
0
5
5
0
Tc ( °C ) Side F (cps) T_I_ ( ° K) ATnB W (w/m _ )
Floor
Wall
Floor
Wall
Floor
Wall
Floor
Wall
130
130.2
130.2
130
130
130.2
130.2
130
185
185.3
185.3
185
185
185.3
185.3
185
248
248.1
248.1
248
248
248.1
248.1
248
386
385.9
385.9
386
386
385.9
385.9
386
247.5
248.0
245.5
245.0
254.3
254.8
246.1
245.5
235.5
236.3
233.1
232.4
239.2
240.0
234.8
233.9
0
0.5
0
0.5
0
0.5
O
0.6
0.52
0
0.8
O
0.7
0
0.8
0
0.9
0.8
232.5
233.5
207
206
283
284.5
230
228
71.4
71.2
63.2
63.4
75.6
75.3
65.8
66.0
__ m
W/W*
.304
.306
.271
.270
.371
.372
.801
.298
.657
.656
.582
.584
.696
.693
.606
.608
A(W/W*)
0
.002
0
.001
0
.001
0
.003
.002
0
.001
0
.002
0
.003
O
.002
.002
I
I
I
I
I
I
I
I
I
I
I
I
I
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Figure 40--Diagram for interpretation of FMT Tape format.
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Figure 41--(a, b, c and d)--Flow diagram for the IBM 7090 computer program used
in reducing the radiation data.
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8 FEB SUN 8 = - 15.0 23 FEB SUN 8 = - 10,0
(12h57 m UT) RA= 321.7 (05 hUT) RA= 336.0
INJECTION A _ = 180 o
A _ = Ioo.7 o (b)
(o)
=_.+.25.9
54.2
8= .t-16.7
-_RA = 23.8
28 MAR SUN 8 =+ 3.0 14 APR SUN 8 = + 9.4
(19hUT) RA= 7.0 (15h UT) RA= 2215
A,il, =0 o A_=90 o
(dl (el
(__8 _ 8=+04
RA =96.2
=-31.5
RA=83.4
18MAY SUN 8 =+ 19.4 3 JUNE SUN8 =22.3
(ooh UT) RA= 54.3 (13huT) RA=7i.O
A¢, =27O ° A_=O =
(g) (h)
I
I
I
@ '
=-10.2 I
"_:...___1- -- -"- RA =20. I
m
II I_AR SUN 8=-3.6 •
(23"UT RA= 351.7
A _ =270
(c) I
8 = + 43.2
I
IMAY SUN 8=+15.O I
(09h UT) RA= 381
(f) I
8=+14.2
I
20 JUNE SUN 8 =+ 23.4 I
(00 h UT) RA= 88.0
A_ =90" I(i)
ALL CALENDAR DATES ARE IN 1962
7O
Figure 43--(a, b, c, d, e, f, g, h and /)--Cosmic view of the earth and the precessing
TIROS IV orbital plane. The celestial coordinates of the sun and the satellite spin
vector are shown for each selected day. The time is given to the nearest
hour GMT and corresponds to the given value of A¢.
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Figure 46--Quasi-global (55°N-55°S) radiative energy budget, TIROS II, III and IV. Quasi-global emitted
radiant power along the left ordinate and quasi-global albedo along the right ordinate are plotted as a function
of days after launch. Absorbed solar energy [Insolation over the quasi-globe x (1-albedo)] coincides with the
left ordinate. The large difference between absorbed solar radiation and emitted terrestrial radiation indicates
a degradation of the instrumental calibration.
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I UNIV. OF MICH. BALLOONFLIGHT 2 JUNE1962
| • 55 75p CHANNELBALLOON I
_ 55 75_ CHANNELSATELLITEDATA [ i_
| APPR.1000 CST 90 '-
80-
| 70 -° 43oN
e
• ° _oo ". lnnOw ooow60 - - o'_. ° _,_ o_, _ "" " ,,,, ,,I _ 50
• • • w • • @
| PPR.1430 CST 40- . • °
• .,'_.- ,f,o o o
| 30 -_A ... .,... •
| 20- ",r "'-." .'.. •10 TIMEOF • N .: %I_'..
SATELLITEPASS u... = .'.
I o looo12oo14oo_6oo_8oo:,ooo
--LOCAL TIME [CST}[BALLOONDATA)--
! I DISTANCEALONGBALLOONTRAJECTORY[SEEINSERTMAP}
I
I
Figure 52--Comparison of results from Channel 5 of the TIROS IV radiometer with those from Channel 5
of a similar balloon-borne instrument indicating degradation of the response of the TIROS sensor by a factor
of about 2.15. Percent reflectance along the ordinate is plotted as a function of local time for the balloon data.
The sub-balloon points over South Dakota as a function of time are shown by the second abscissa in conjunc-
tion with the insert map. The upper photographic insert taken by a camera on the balloon shows an overcast
stratus deck with some overlying cirrus prevailing at the beginning of the flight. The lower insert shows
broken cells of stratocumulus with thin cirrus later in the flight. The marked decrease in measured reflect-
ances at this time is indicated on the graph.
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I
APPENDIX A
INDEX OF FINAL METEOROLOGICAL
RADIATION TAPES
All of the 132 FMR tapes, containing data
from 732 individual orbits of TIROS IV, are
tabulated on the following pages. The FMR
tapes for TIROS IV are numbered from 201
through 332. TIROS II and TIROS III
rddiation data are contained on the first 200
numbered tapes.
The Index is designed to be used in con-
junction with the Mercator Projection World
Maps in Appendix B and the master sub-
point track overlay in the pocket at the rear
of the volume. The subpoint track is sub-
divided into one minute time intervals re-
ferred to ascending node time, with the
"minus" and "plus" indicators corresponding
to "before" and "after" ascending node time
respectively.
The Index is divided into two basic sec-
tions. One section contains information con-
cerning the attitude of the satellite and the
location of the subpoint track as a function
of time for each orbit listed on the FMR tape.
The second section of the Index contains in-
formation which gives the time for which
radiation data are available on the FMR
tape for each orbit listed. The nomenclature
used in the Index is defined below.
Heading
Orbit No.
CDA Sta.
INDEX NOMENCLATURE
Explanation
The orbit number
from launch to the
first ascending node
is designated zero,
thereafter t h e
number increases
by one at each as-
cending node.
Control and Data Ac-
quisition Station.
"W" is the Wallops
Island, Virginia sta-
tion and "N" is the
San Nicholas Is-
1 a n d, California
station.
Satellite Ecuator Crossing at
Orbital Ascending Node (ANO)
Earth longitude The 1 o n gi t u d e on
earth at which the
satellite crossed the
8O
Heading Explanation
Hours;
minutes;
seconds;
(GMT)
Calendar date
TIROS IV Day
equatorial plane go-
ing from south to
north, measured in
degrees from 0 ° to
180 ° west and 0 °
to 180 ° east.
Greenwich Mean Time
of the occurrence of
ANO in hours, min-
utes and seconds.
Date on which the
ascending node of a
given orbit oc-
curred.
The TIROS IV Day
advances I for each
succeeding calendar
day after February
8, 1962, the day of
launch, which is
designated "TIROS
IV Day 0."
Spin Vector Attitude
Decl.
R. n.
70
Celestial co-ordinates
of declination and
right ascension of
the satellite spin
vector. The tabu-
lated value for each
orbit are for the
time of ascending
node. As these val-
ues change only
slightly throughout
one orbit, the value
at the time of ANO
is adequate, for
most purposes,
throughout the en-
tire orbit.
Satellite attitude in a
system which has
the orbital co-ordi-
nates chosen as a
reference system. 7o
is the minimum
satellite nadir angle
during an orbital
period and to is the
time of occurrence
of 7°. Positive or
negative values of
7o indicate that the
camera axis is
pointed north or
south of the sub-
point track, respec-
tively, while to is
given in minutes
after ANO.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
II
!
I
I
I
I
I
!
I
!
I
I
I
!
I
I
I
!
I
Heading I Explanation
Spin rate Rate of rotation of
satellite about its
spin axis.
Time Interval of File on FMR Tape
Begin The beginning time of
the radiation data
available on an
FMR tape in min-
utes with respect to
the time of the oc-
currence of the
ANO. Negative val-
ues indicate *_'-"
the data were ac-
quired before the
ANO was reached.
End The end time of the
radiation data
available on the
FMR tape. This
value is given in
absolute time
(GMT) and in min-
utes with respect to
the ANO. Positive
values indicate that
the data were ac-
quired after the
ANO.
Drop-Outs The time of the drop-
out (where no radi-
ation data are
available due to sys-
tem noise, etc.) is
listed in minutes
with respect to the
ANO, either minus
or plus.
FMR Tape Recl No. Numbcr of the mag-
netic tape reel on
which an orbit is
located.
To illustrate the use of the tabulated ma-
terial, the entry in the row for orbit No. 286
indicates that when TIROS IV passed within
range of the Wallops Island, Virginia, Com-
mand and Data Acquisition Station (abbre-
viated W) radiation data were telemetered
from the satellite. The ascending node
(ANO) of orbit 286 was earth longitude
174.4°E when TIROS IV crossed the equa-
torial plane going from south to north at
10:42:28 GMT on February 28, 1962 which,
being the twentieth day after launch, is
"TIROS IV Day 20." The declination and
right ascension of the spin vector were, re-
spectively, 23.0 degrees south of the celestrial
equator and 39.3 degrees east of the Vernal
Equinox. The minimum satellite nadir angle
of the orbit was 25.1 degrees and occurred
74.2 minutes after the ANO (or 11:56:40
GMT). The negative value of 7o indicates
that the intersection of the spin (camera)
axis with the earth (the terrestrial principal
point) lay south of the subpoint track..The
spin rate of the satellite was 70.117 degrees
per second. The Index also shows that the
FMR tape data began 62.7 minutes before
the ascending node (09:39:46) and ended
30.6 minutes after the ascending node, or
11:13:03 GMT. Further it is seen that a
dropout occurs on the tape between --7.5
and --6.5 minutes with respect to the orbital
ascending node (i.e., 10:34:58 GMT to
10:35:58 GMT). Finally, it is seen that
these data are recorded on FMR Tape Reel
No. 220.
The spin vector celestial coordinates and
the satellite spin rate are also presented in
graphical form in Figures A1 and A2. Both
figures are based on the data presented in the
Index.
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I
APPENDIX B
SUBPOINT TRACK SUMMARY OF
AVAILABLE RADIATION DATA
In this section, the time interval for which
radiation data are available on the FMR
tapes is summarized diagrammatically by
means of subpoint tracks for each interroga-
tion day. As discussed previously, an inter-
rogation day may be contained within the
calendar day or it may consist of parts of
two calendar days. This method of presenta-
tion enables the data user to quickly apprise
himself of the orbits containing data in an
area of interest.
Before discussing the subpoint track sum-
maries however, the various scanning modes
of the TIROS radiometer and the relation-
ship between the satellite nadir angle (the
angle between the local vertical and satellite
spin axis in the direction of the television
cameras) and the optical axis of the medium
resolution radiometer will be illustrated.
The three possible earth scanning patterns
or modes of the TIROS radiometer may be
characterized as follows (Figure B1):
(a) Closed Mode--All scan spots through-
out a number of spin cycles of the satellite
are earth viewed, either through the wall
sensor or the floor sensor.
(b) Single Open Mode--Some scan spots
of a spin cycle are space viewed and the re-
mainder are earth viewed through the wall
sensor only or through the floor sensor only.
(c) Alternating Open Mode--The scan
spots of a spin cycle are a combination of
space and earth viewed, alternately through
the wall sensor and the floor sensor.
In Figure B2, on an earth cross-section,
are shown nominal satellite nadir angle
values bounding the various radiometer
scanning modes. These values are for a
height above the earth of about 717 kin. It
has been assumed that the spin vector coordi-
nates remain constant throughout one orbit
and that the minimum nadir angle is zero.
Generally, the minimum nadir angle encoun-
tered throughout an orbit is not zero, thus
diminishing the time period in the closed
mode. In a number of orbits, the minimum
nadir angle is greater than 19 °, and hence
there is no closed mode.
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On the subpoint track summaries, each
interrogation day is denoted by its calendar
date or dates as the case may be. Dropouts
are indicated by a symbol i--i where each
dash represents one minute for which data
are not available. Dropouts which occur at
the beginning of tape have been left off the
subpoint summaries. Each orbit is identified
by orbit number and the time of occurrence
of the ANO, to the hour and nearest minute
in GMT. The symbol @ indicates the point
with respect to the orbital subpoint track
where the minimum satellite nadir (7,,) angle
for the interrogation day occurs. The orbit
to which 7o applies is indicated by a straight
line drawn normal to that orbit and the value
of 7. to the nearest degree is also indicated.
In cases where some ambiguity might arise
as to the orbit to which 7o applies, an arrow
parallel to the applicable subpoint track is
used (e.g. on page 138).
7,, - 28 ° applies to Read-out orbit
0329). The spin-vector changes only slightly
in declination and right ascension during one
interrogation day and thus the minimum
nadir angle is essentially constant and re-
mains at approximately the same relative
position to each orbit during one interroga-
tion day.
To illustrate the use of the subpoint sum-
maries, we use the same example as in
Appendix A. If the master subpoint track
overlay from the back of the Catalog-Manual
is placed over the subpoint track for orbit
286 (page136) with the ascending node at
longitude 174.4°E, then the subpoint track
shown is applicable to the data acquired dur-
ing this interrogation. For a radiometer
sensor nadir angle of 58 °, the radiometer
can acquire data from an area which is
within 15 ° of great circle arc of the subpoint
track. It can be seen that the data began
62.7 minutes before and ended 30.6 minutes
after the ascending node time which was
approximately 11:13 GMT. Also, a one
minute dropout occurs between --6.5 and
--7.5 minutes with respect to the ascending
node time. The minimum nadir angle, to the
nearest whole degree, and sufficiently ac-
curate to apply to the entire day, was --25 °
on orbit 288. The intersection of the spin
(camera) axis with the earth @ lay south
of the subpoint track as indicated by the
negative value of v,,.
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Figure BI--Scanning modes of the TIROS Radiometer: (a) Closed Mode, (b) Single
Open Mode, and (c) Alternating Open Mode
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Figure B2--Nominal boundary satellite nadir angles for the various scanning modes at a height of about 717
kin. Arrows indicate the spin vector through the top of the sdteilite, and the nadir angles refer to the opposite
direction, viz., the spin (camera) axis. Solid lines at 45 ° to the arrows indicate the floor and dashed lines the
wall scan of the radiometer.
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